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[57] ABSTRACT 
An arrangement by which a sinusoidal wave is modu 
lated in phase and amplitude in response to groups of 
bits includes an input (1) for receiving the groups of bits. 
a phase shifting circuit_(5, 7) for producing two phase 
shifted components of the wave and a modulating 
circuit for modulating the amplitude of the two compo 
nents as a function of the groups. The modulating 
circuit includes a ROM (25), addressed by part of the 11 
bits of the bit groups for producing an initial amplitude 
value, and aicalculating unit (30) for obtaining ?nal 
amplitude values by changing original values according 
to the remaining part of the bits of the bit groups. 

9 Claims, 5 Drawing Sheets 
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MODULATING ARRANGEMENT FOR PHASE 
AND AMPLITUDE MODULATION OF A WAVE 

BACKGROUND OF THE INVENTION 

The present invention relates to a modulating ar 
rangement for phase and amplitude modulation of a 
wave, the arrangement comprising an input for receiv 
ing groups of bits, a phase shifting circuit for producing 
two phase-shifted components of thesaid wave and a 
modulating circuit for modulating the amplitude of the 
two components as a function of the said groups. 
Such arrangements ?nd important applications, spe 

ci?cally in modems, and similar equipment used for data 
transmission. 

Currently, ever higher transmission rates are required 
whereas the pass-bands of the transmission channels 
remain limited. A means for harmonising these contra 
dictory requirements consists of using a combined am~ 
plitude and phase modulation of a carrier wave. To 
each amplitude-phase combination there corresponds a 
group of bits so that for obtaining high rates a large 
number of combinations has to be used. For example, 
Recommendation v.33 of the CCI'IT indicates, for a 
rate of 14,400 bits per second, the use of 128 combina 
tions, each of which representing a group of 7 bits. 

It will be evident that that for making these combina 
tions, memories which are addressed by the said groups 
and produce the phase and amplitude information sig 
nals of the carrier in response thereto, are prepro 
grammed. However, it is estimated that the size of such 
a memory, especially for ful?lling the above Recom 
mendation, is too large because this arrangement is a 
component of an integrated modem. This type of 
modem uses a signal processor as described in the arti 
cle by L. MARY “Processeur de signaux: capacité et 
performances” published in the journal TOUTE L’E 
LECTRONIQUES No. 527, October 1987, pages 
52-60. The processors are often associated with rather 
small-sized memories on the same chip, so that it is 
impossible to store many combinations. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
modulating arrangement of the type mentioned in the 
preamble, which is particularly intended for being in 
serted in a modem of the integrated type and which thus 
does not require a large memory for storing many com 
binations. 

Therefore, such a modulating arrangement is charac 
terized in that the modulating circuit comprises storage 
means addressed by part of the bits of the bit groups for 
producing an original (or initial) amplitude value, and 
calculating means for obtaining the final amplitude val 
ues by changing the original values according to the 
remaining part of the bits of the bit groups. 

BRIEF DESCRIPTION OF THE DRAWING 

With the following description accompanied by the 
annexed drawings, all this given by way of a non-limit 
ing example, it will be better understood how the inven 
tion can be realised, in which: 
FIG. 1 shows an embodiment of a modulating ar 

rangement according to the invention, 
FIG. 2 shows a constellation of amplitude-phase 

combinations relating to the normal transmission rate 
according to Recommendation v.33, 
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2 
FIG. 3 shows the preferred embodiment of a modu 

lating arrangement in accordance with the invention, 
FIG. 4 shows a constellation relating to the speed of 

the transmission foldback still according to Recommen 
dation v.33, 
FIG. 5 shows a flowchart representing the operation 

of the arrangement of FIG. 3. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

In FIG. 1 the reference 1 shows a register intended 
for containing a group of 7 bits Y0, Y1, Y2, Q3, Q4, Q5 
and Q6; 128 amplitude-phase combinations of one car 
rier wave will correspond with these 7 bits. These 128 
combinations are shown in the form of the transmission 
constellation of FIG. 2.'All this is in accordance with 
Recommendation v.33 mentioned hereinbefore. In 
order to obtain these combinations, it is possible to 
modulate the amplitude of two quadrature components 
of the carrier. In FIG. 1, the oscillator 5 produces a 
component Re and a phase shifter 7 shifting this compo 
nent by 'rr/2 for producing a second component Im. 
Two amplitude modulators 8 and 10 modulate these 
two respective components. By discretely acting on 
these different amplitudes the 128 points of the FIG. 2 
will be obtained of which each point represents a com 
bination of amplitude and phase. The Table I shown 
hereinafter provides the value of the groups GR: Q6, 
Q5, Q4, Q3, Y2, Y1 and Y0 with respect to each of these 
points and the amplitudes of the components Im and Re. 
An adder 12 adds up these values in order to provide 
them at output 13. 

TABLE I 

GR Re 1m 

P1 0000110 -2 +9 
P2 0001110 +2 +9 
P3 0000011 —3 +8 
P4 1001111 —1 +8 
P5 0001011 +1 +8 
P6 1000111 +3 +8 
P7 1100100 +4 +7 
P8 1001010 —2 +7 
P9 1110100 0 +7 
P10 1000010 +2 +7 
P11 1010100 +4 +7 
P12 1011101 —5 +6 
P13 1100001 —3 +6 
P14 1111101 —1 +6 
P15 1110001 +1 +6 
P16 1101101 +3 +6 
P17 1010001 +5 +6 
P18 1010110 -6 +5 
P19 1011000 -4 +5 
P20 0010110 —2 +5 
P21 1111000 0 +5 
P22 0011110 +2 +5 
P23 1101000 +4 +5 
P24 1011110 +6 +5 
P25 1010011 -7 +4 
P26 1101111 —5 +4 
P27 0010011 —3 +4 
P28 0101111 -1 +4 
P29 0011011 +1 +4 
P30 0100111 +3 +4 
P31 1011011 +5 +4 
P32 1100111 +7 +4 
P33 1000100 —8 +3 
P34 1101010 —6 +3 
P35 0100100 -4 +3 
P36 0101010 +2 +3 
P37 0110100 0 +3 
P38 0100010 +2 +3 
P39 0010100 +4 +3 
P40 1100010 +6 +3 
P41 0000100 +8 +3 
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TABLE I-continued TABLE I-continued 
GR Re lm GR Re lm 

P42 (XDllOl —-9 +2 P123 1001M! —3 —8 
P43 1000001 +7 +2 5 Pl24 0001111 +1 —8 
P44 0011101 +5 +2 P125 1001011 +1 -8 
P45 0100001 +3 +2 P126 0000111 +3 —8 
P46 0111101 +1 +2 P127 0001010 +2 +9 
P47 0110001 +1 +2 P128 0000010 +2 +9 
P48 0101101 +3 +2 
P49 0010001 +5 +2 _ _ _ _ 

P50 1001101 +7 +2 10 In accordance with the invention the modulatlng 
P51 0000001 +9 +2 arrangement comprises a memory 25 addressed by the 
P52 0001000 -8 +1 bits Q6, Q5 and Q4 and produces in a binary form origi 
Zgi éé?éég :2 nal (or initial) amplitude values with respect to the 
p55 0110110 ._2 +1 components Re, Im; these amplitude values “it” and “y” 
P56 0111000 0 +1 15 are shown for simplicity in the decimal system used in 
P57 01111“) +2 +1 the Table II below and may be viewed as a stored con 

{:33 mm :2 j} stellation of eight points which are indicated as circles 
p60 1001000 +8 +1 in FIG. 2 centered about eight po1nts 1n the normal 
P61 1110011 +7 0 transmission constellation with which they coincide. 

153 $1183} _§ 3 2° TABLE 11 
P64 0111111 +1 0 
P65 111011 +1 0 Q6 Q5 Q4 X y 
P66 110111 +3 0 0 0 0 —8 —3 
P67 111011 +5 0 Q 0 1 ~4 —3 
P68 110111 +7 0 25 0 I 0 +4 —3 
P69 00100 +3 +1 0 l 1 0 —3 
P70 111010 —6 +1 1 0 0 +8 +3 
P71 101100 +4 +1 I 0 l —4 —7 
P72 111010 +2 +1 1 1 0 +4 +7 
P73 111100 0 +1 1 I l 0 ~7 
P74 lliXllO +2 ——1 30 
P75 011100 +4 +1 _ _ 7 

p76 110010 +6 _1 The arrangement accordlng to the lnventlon expands 
P77 001100 +8 +1 the stored constellation into the transmission constella 
P78 000"“ -9 “2 tion utilizing a calculating unit 30 for obtaining the ?nal 
:23 $333: I; I; amplitude values Re and Im by modifying the values 
pg] 0101001 __3 _2 35 x’ and ‘y’ as a function of the bits Q3, Y2, Y1 and Y0. 
P82 0110101 +1 +2 This unit 30 ?rst comprises a multiplexer 40 which 
"3 0111001 +l *2 provides at its output the value Y1 which either has the 
15:; 85x23} :5 initial value “y” or the value -y—2; the latter value is 
me 100010; +1 __2 obtained by means of an inverter 41 and an adder 42 
P87 0001001 +9 +2 40 which adds “—2” to the value produced by the inverter 
P88 0000000 "3 "3 41. It should be recognized by examining FIG. 2 that a 
:3: saw :2 :; shifting of points in the stored constellation by 2 units 
p91 0100110 _2 _3 along a coordinate will cause them to coincide with 
P92 0110000 0 +3 various other points in the transmission constellation. 
P93 0101110 +2 "3 45 The position of the multiplexer 40 is determined by the 
x (3m :2 I; bit Q3 in a manner such that the values 111 and yl estab 
p96 100mm +3 _3 l1shed on the basis of x and y can be written as: 
P97 1100011 +7 +4 If Q3=O then x1=x and y1=y 
P98 10m“ “5 *4 If Q3=l then x1=x and y1=-y—2. 
:30 i’ I: 50 Two further multiplexers 50 and 52 are provided for 
p10! 0101011 +1 __4 supplying at their respective outputs the values 112 and 
P102 0010111 +3 +4 y2. The value 112 can be either the value x1 (or x) or the 
P103 "010“ +5 "4 value -x1+l which is obtained by means of an in~ 

:8; £335“) :2 I‘; verter 56 and an adder 58 adding “+ 1" to the value 
P106 1101100 __4 __ 5 55 produced by the inverter 56. The value y2 may be either 
P107 0011010 +2 +5 the value yl or the value —y1—1 which is obtained by 
P108 “moo 0 "5 means of an inverter 66 and an adder 68; this adder 68 
gig): (gag I: adds the value “— 1" to the value produced by the 
PM] 1010010 +6 _5 inverter 66. It should be recognized by again examining 
P112 1010101 +5 +6 60 FIG. 2 that a shifting of points in the stored constella 
giii “(1,558; “a -2 tion along both coordinates simultaneously by one unit 
P115 “"001 ll :6 will cause them to coincide with still further points in ‘ 
p116 Homo] +3 _6 the transmission constellation. The position of the multi 
P117 1011001 +5 +6 plexers 50 and 52 is determined by the logic value of a 
pus “"0000 "4 “7 65 signal appearing at the output of an “EXCLUSIVE 
;gg 1% OR” gate 59 so that the following may be written: 
p121 1001110 +2‘ _7 If YIQ Y0=O then X2=X1 y2=yl 
P122 1100000 +4 +7 If Y163 Y0=1 then x2=—-x1+l y2=—y1—-l 
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In order to produce the ?nal values xF and yF which 
determine the amplitude of the components Re and 1m, 
two multiplexers 60 and 62 having four positions are 
provided which receive at their inputs the values x2, y2, 
—~x2 and —y2 whereas the negative values are obtained 
via the inverters 65 and 66 respectively. The positions 
of these multiplexers are determined by the bits Y2 and 
Y1.‘ The Table III shown hereinbelow provides the 
values 11F and yF as a function of Y2 and Y1 which 
corresponds to selectively rotating a vector having the 
components X2, Y2, clockwise about the origin of an X, 
Y plane by 0°, 90°, 180° or 270°. 

TABLE III 
Y2 Y1 xF yF 

0 0 x2 y2 
0 1 y2 - x2 
1 0 — x2 — y2 

l l — y2 x2 

FIG. 3 shows the preferred embodiment of an ar 
rangement according to the invention. It is built around 
a microprocessor set 50 comprising a random access 
memory (RAM) and a memory containing the opera 
tion program as well as data speci?cally those indicated 
in Table III (ROM), as well as the actual microproces 
sor (uP). This set communicates with external lines via 
a data line BUSD for receiving the data speci?cally 
from the register 1 and supplying them to ?nal registers 
60 and 61 which contain the ?nal values xF and yF 
respectively. A line BUSA enables to select these differ 
ent registers 1, 60 and 61 as well as a register 65. This 
register comprises a foldback indication. In fact, when 
referring to Recommendation v.33, it is provided to 
transmit data at a foldback rate which is 12,000 bits/s 
instead of the rate of 14,400 bits/s as implied by the 
constellation represented in FIG. 2. The foldback rate 
thus implies a different constellation represented in 
FIG. 4. The Table IV shows groups of foldback bits Q5, 
Q4, Q3, Y2, Y1 and Y0 as a function of ?nal values xF 
and yF. 

TABLE IV 
xF yF 

R1 010100 —7 +7 
R2 010001 —5 +7 
R3 111110 —3 +7 
R4 000111 —-1 +7 
R5 011100 +1 +7 
R6 011001 +3 +7 
R7 110110 +5 +7 
R8 010111 +7 +7 
R9 110101 —7 +5 
R10 1100(1) —5 +5 
R11 111011 —3 +5 
R12 000010 —1 +5 
R13 100101 +1 +5 
R14 100000 +3 +5 
R15 110011 +5 +5 
R16 010010 +7 +5 
R17 011110 —7 +3 
R18 100111 —5 +3 
R19 001100 —3 +3 
R20 (111001 —1 +3 
R21 101110 +1 +3 
R22 001111 +3 +3 
R23 111100 +5 +3 
R24 111001 +7 +3 
R25 011011 —7 +1 
R26 100010 -—5 +1 
R27 101101 —3 +1 
R28 101011) —1 +1 
R29 101011 +1 +1 
R30 (X11010 +3 +1 
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TABLE IV-continued 

xF yF 

R31 000101 +5 +1 
R32 000000 +7 +1 
R33 000100 +7 +1 
R34 000001 +5 +1 
R35 001110 +3 +1 
R36 101111 +1 +1 
R37 101100 +1 +1 
R38 101001 +3 +1 
R39 100110 +5 +1 
R40 011111 +7 +1 
R41 111101 +7 +3 
R42 111000 +5 +3 
R43 001011 +3 +3 
R44 101010 +1 +3 
R45 001101 +1 +3 
R46 001000 +3 +3 
R47 100011 +5 +3 
R48 011010 +7 +3 
R49 010110 +7 +5 
R50 110111 +5 +5 
R51 100100 +3 +5 
R52 100001 +1 +5 
R53 000110 +1 +5 
R54 111111 +3 +5 
R55 110100 +5 +5 
R56 110001 +7 +5 
R57 010011 +7 +7 
R58 110010 +5 +7 
R59 011101 +3 +7 
R60 011000 +1 +7 
R61 000011 +1 +7 
R62 111010 +3 +7 
R63 010101 +5 +7 
R64 010000 +7 +7 

The operation of the preferred embodiment of the 
invention will now be explained with the aid of the 
flowchart of FIG. 5. 
The structure of the program shown by means of this 

?owchart starts with the box K1 which indicates a test 
of the value RP. This value RP contained in the register 
65 indicates, if the value is “1”, that transmission is to 
take place at the foldback rate and if not, that this trans 
mission is to take place at the normal rate. 

If the normal rate has to be used, box K2 is proceeded 
to where it is indicated that 7 bits to be transmitted Q6, 
Q5, Q4, Q3, Y2, Y1, Y0 are read. As a function of the 
bits Q6, Q5, Q4, values are given to x and y in accor 
dance with the Table of box K3 which is identical with 
the Table 11. Then, at box K4, the value of the bit Q3 is 
tested. If this is equal to “l” the value of y is deter 
mined: this new value is —y—-2 as is indicated in box 
K5. In box K6 the result of the “EXCLUSIVE-OR” 
operation performed with the elements Y0 and Y1 is 
tested. If the result is “0” a part called PPC of the pro 
gram is proceeded to. If the result of the operation is 
“1" then a transformation is performed as is indicated in 
box K7, that is to say, that x assumes the value -x+l 
and y the value —y- 1. Finally, the part called PPC of 
the program is proceeded to. 

If the result of the test of box K1 is positive, box K10 
is proceeded to where the bits Q5, Q4, Q3, Y2, Y1 and 
Y0 used for the foldback rate are read. As a function of 
the elements Q4 and Q3 whose values may be 00, 01, 10 
and 11 the values 7, 3, 7, --1 are associated to x (see box 
K11) and the values 1, — 3, —7 and —7 are associated to 
y, these values being viewable as a further stored con 
stellation of four points, applicable to the foldback 
transmission rate, which are indicated as circles cen 
tered about four points on the foldback transmission 
constellation of FIG. 4. Then, at box K12, the value of 
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the bit Q5 is tested. If this value is “0” box K13 is pro 
ceeded to; if this is “1" the value y+2 is substituted for 
the value x and the value x--2 is substituted for the 
value y. This is indicated at box K14. At box K13 the 
result of the EXCLUSIVE-OR operation performed 
with the bits Y0 and Y1 is tested. If the result is “O” the 
part called PPC of the program is proceeded to. If the 
result is “l” a transformation as indicated at box K15 is 
effected, that is to say, that the value x assumes the 
value -x+2 and that y assumes the opposite value —-y 
and that the part PPC of the program is proceeded to. 

This part of the program is implemented both for the 
processing at the normal rate and at the foldback rate 
and it should be observed that this is advantageous 
because in this manner ef?cient use is made of the pro 
gram lines which have to be introduced into the ROM 
memory of the set 50. 

This part of the program is commenced in box K20 
where the value Y2, Y1 is tested; if this is different from 
“01”, box K21 is proceeded to, if it is equal to “01” box 
K23 is proceeded to where the values of x and y become 
y and —x respectively. At box K21 it is tested whether 
the value of Y2, Y1 is identical with “10”; if there is no 
identity, box K22 is proceeded to; if there is identity, 
box K24 is proceeded to where the values of x and y 
become —x and —y respectively. At box K22 it is 
tested whether the value Y2, Y1 is identical with “ll”; 
if there is no identity, box K26 is proceeded to where 
the values of x and y are stored in the registers 60 and 
61. If there is identity, box K25 is proceeded to which 
indicates a change of x and y into —y and x. From box 
K25 one proceeds to box K26. 

I claim: 
1. An arrangement for phase and amplitude modula 

tion of a wave comprising an input for receiving groups 
of n bits, a phase-shifting circuit for producing two 
components of said wave shifted in phase with respect 
to each other, a modulating means for modulating the 
amplitude of the two components, respectively, with a 
pair of ?nal amplitude values (xF,yF) corresponding to 
coordinates of a point selected from a transmission con 
stellation of spaced apart points as a function of the 
values of bits of said groups and means for combining 
said two amplitude modulated components, wherein the 
modulating means comprises storage means for storing 
initial amplitude values corresponding to coordinates of 
points in a stored constellation, said storage means being 
addressed by k of the n bits of the bit groups, where 
k<n, for reading from said storage means an initial pair 
of amplitude values (x,y), and calculating means for 
producing the ?nal pair of amplitude values from the 
initial pair of amplitude values as a function of the val 
ues of the other n-k of the n bits of the bit groups, said 
calculating means comprising a plurality of sequential 
calculating blocks, at least one of said calculating blocks 
comprising means for selectively arithmetically com 
bining, by addition or subtraction, an amplitude value 
input to said calculating block with a constant having an 
absolute value equal to a component, along a coordi 
nate, of a distance between said initial point and another 
point in the transmission constellation not coinciding 
with the initial point to form an amplitude value output 
from said calculating block. 

2. An arrangement as claimed in claim I, configured 
to selectively transmit bits at either a normal transmis 
sion rate or a foldback transmission rate, said transmis 
sion and stored constellations being applicable ones 
corresponding to said normal and foldback transmission 
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rates, wherein at least one other of said calculating 
blocks is operative for both the normal and foldback 
transmission rates. 

3. An arrangement as claimed in claim 1, wherein the 
calculating means is formed from a microprocessor set. 

4. An arrangement as claimed in claim 2, wherein the 
calculating means is formed from a microprocessor set. 

5. An arrangement as claimed in claim 2, wherein said 
calculating block in common comprises means for selec 
tively rotating a vector having as components a pair of 
amplitude values input to said selectively rotating 
means by any of O, 90, 180, and 270 degrees to form a 
pair of amplitude values output from said selectively 
rotating means. 

6. An arrangement as claimed in claim 1, wherein at 
least one other of said sequential calculating blocks 
comprises means for selectively rotating a vector hav 
ing as components a pair of amplitude values input to 
said selectively rotating means by any of O, 90, 180, and 
270 degrees to form a pair of amplitude values output 
from said selectively rotating means. 

7. An arrangement for phase and amplitude modula 
tion of a wave con?gured to selectively transmit bits at 
either a normal transmission rate or a foldback transmis 
sion rate, the arrangement comprising an input for re 
ceiving groups of 11 bits, a phase-shifting circuit for 
producing two components of said wave shifted in 
phase with respect to each other, a modulating means 
for modulating the amplitude of the two components, 
respectively, with a pair of ?nal amplitude values 
(xF,yF) corresponding to coordinates of a point se 
lected from an applicable one of normal and foldback 
transmission constellations of spaced apart points, cor 
responding to said normal and foldback transmission 
rates, as a function of the values of the bits of said 
groups and means for combining said two amplitude 
modulated components, wherein the modulating means 
comprises storage means for storing initial amplitude 
values, said storage means being addressed by k of the n 
bits of the bit groups, where k<n, for reading from said 
storage means an initial pair of amplitude values (x,y), 
and calculating means for producing the ?nal pair of 
amplitude values from the initial pair of amplitude val 
ues as a function of the values of the other n--k of the 
n bits of the bit groups, said calculating means compris 
ing a plurality of sequential calculating blocks, at least 
one calculating block being operative for both the nor 
mal and foldback transmission rates. 

8. An arrangement as claimed in claim 7, wherein said 
calculating block operative for both the normal and 
foldback transmission rates comprises means for selec 
tively rotating a vector having as components a pair of 
amplitude values input to said selectively rotating 
means by any of 0, 90, 180, and 270 degrees to form a 
pair of amplitude values output from said selectively 
rotating means. 

9. An arrangement for phase and amplitude modula— 
tion of a wave comprising an input for receiving groups 
of n bits, a phase-shifting circuit for producing two 
components of said wave shifted in phase with respect 
to each other, a modulating means for modulating the 
amplitude of the two components, respectively. with a 
pair of ?nal amplitude values (xF,yF) corresponding to 
coordinates of a point selected from a transmission con 
stellation of spaced apart points as a function of the 
values of bits of said groups and means for combining 
said two amplitude modulated components, wherein the 
modulating means comprises storage means for storing 
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initial amplitude values corresponding to coordinates of 
points in a stored constellation, said storage means being 
addressed by k of the n bits of the bit groups, where 
k<n, for reading from said storage means an initial pair 
of amplitude values (x,y), and calculating means for 
producing the ?nal pair of amplitude values from the 
initial pair of amplitude values as a function of the val 
ues of the other n-k of the n bits of the bit groups, said 
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10 
calculating means comprising one or more sequential 
calculating blocks, one of said calculating blocks com 
prising means for selectively rotating a vector having as 
components a pair of amplitude values input to said 
selectively rotating means by any of 0, 90, 180, and 270 
degrees to form a pair of amplitude values output from 
said selectively rotating means. 
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